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F™ less than the price of many tran- 
sistor multimeters, you can now build 
your own real digital volt-ohmmeter. 
Gone forever will be your days of having 
wobbly meter pointers, reading the wrong 
scales, or trying to read accurately from 
a cramped and highly nonlinear ohms 
scale, There will be no more problems 
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caused by VOM circuit loading or bent 
or broken pointers resulting from circuit 
overload. 

You can just clip the DVM to your 
circuit and read volts or ohms as they 
brightly and unquestionably pop up on 
the front panel of the instrument. Just 
clip and read—instantly! It’s that simple. 
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Fig. 1. Chmmeter current reference and V/F con: 
verter circuits shown make up a single PC board. 
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This DVM is no slouch on performance 
either. It has better than +1 percent 
accuracy over most portions of the sev- 
en available scales. It is self-zeroing 
and automatically self-calibrating. Three 
voltage scales, 0-2, 0-20, and 0-200 volts 
are provided, each at reasonably high 
impedances—in fact, you can read down 
to 10 millivolts with ease. Four ohm- 
meter scales, useful from one ohm to 
over 200,000 ohms, are also available. If 
you like, you can easily add extra outside 
circuits to measure digitally anything 
you can convert into a 0-2-volt d.c. sig- 
nal, including a.c. voltage and current, 
d.c. current, speed, and temperature. 

Like its far more expensive brothers, 
this DVM is a multiple-slope integrating 
device. This means it averages the input 
signal over a relatively long measuring 
time. It’s done in a way that automatical- 
ly rejects all a.c. line-induced hum and 
noise and also eliminates practically all 


V/F MODULE PARTS LIST 


C1i—100-pF, 25-volt clectrotytic capacitor 

C2—0.1-#F, 35-voit Mylar or tautatuus cupucitor 

CI—O.0015-pF, 50-volt Mylar or polystyrene ca- 
pacifor (sce text) 

CA—1-pF electrolytic capacitor 

D1, D3, D3-—-1N914 silicon compuler diode or 
equivalent 

D2—1N47350 f-wett, 27-volt sener diode 

DA, D6—-1N4734 1-watt, 5.6-volt sener diode 

O§—T ransistor (Motorola MPS6521, do not sudb- 
stitute 

02—Trausistor (Afetorola A1PS6523, do not sub- 
stitute) 

Q03-05—Transistor (Motorola MPS2923) 

Q6—Unijnaction transistor (Texas tustrasments 
TIS43, do not substitute) 

RJ--10-megohm 

RI—68-ohm 

R4—3_3-mcgokhm 

R5—2700-ohm 

R6—-630,000-o4m 

R7—100,000.oAm 

R8—3300-0hm 

R9I—4700-ohkm 

R10—330-0hm -walt 

RIti—i2-ohm 

K1I2—6800-ohm 

Rit—1000-ohkm 

H {5—590-ohm 

KR 16—5900-ohm Oh Bierci ct 

R17—60,400-chm hi cork a 

R1I3S—565 ,000-o11m 

R2—10.000-ohm trimmer potcitiomcter (CTS 
type U.201 or simiiar) 

R13—250-ohm trimmer potentioncter (CTS lype 
U201 or similar) 

Mise.—3” x 3-44” PC boord, PC terorinats or 
eyelets (14) foptional), aluminum mounting 
bracket (see Fig. 11) with hardware, solder. 

Note:—The following are available from South- 
west Technical Products, 219 W. Rhapsody, 
San Antonio. Texas 78216: etched and drilled 
printed circnit board, #155¥, $3.25; complete 
kit of all above requircd parts, #CW-155, $16 
postpaid in USA. 
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other high-frequency noise that may be 
present. The instrument is essentially 
“blind” to 60-Hz hum and only measures 
the d.c. component of the input, even if 
hum or noise is present. All this is done 
automatically—all you do is watch a con- 
tinuous output display that updates its 
readings fifteen times a second. 

While not a beginner’s project, the 
extensive use of integrated circuits 
makes the construction of the DVM rela- 
tively straightforward and easy on a 
module-by-module basis. A complete kit 
is available as well as individual circuit 
boards, dialplates, and individual module 
kits. If you’d rather build things on your 
own, all parts are obtainable on the 
market, and complete preparation details 
of all the circuit boards are given here. 
Kither way, when you’re done, you'll have 
a real DVM—-at a fraction of the cost of 
commercial equivalents and with perfor- 
mance untouched by anything analog. 


Construction. The project has been 
broken down into five modules plus the 
case and some panel components. Module 
1 is the voltage-to-frequency (V/F) con- 
verter. Modules 2 and 3 are decimal 
counting units (DCU’s) described in the 
February 1968 issue of POPULAR ELEC- 
TRONICS, or you can use the improved, 
low-power versions described in the Win- 
ter 1969 ELECTRONIC EXPERIMENTER'S 
HANDBOOK. 

Module 4 is the gate circuit, which 
simultaneousty provides the 0, i, and 
overrange counting needed to complete 
the digital display. Module 5 is the pow- 
er supply.* 

It is best to construct each module 
separately following the details very 
carefully. Each module has its own parts 
list and schematic. If you prefer to 
purchase circuit boards or partial kits, 
details are given in the parts lists. 

Voltage/Frequency Cenverter. This 
circuit, shown in Fig. 1, is the “heart” 
of the DVM and converts the input d.c. 


*Important: The ctreutts labeled GND throughout 
this project are not actually ground connections 
and should not be conuected to the metal case. 
They are cemmor connections cerstituting ar in- 
dividual circuit and grounding them to thé case 
may produce circulattny currents which interfere 
with the operation of fhe meter. The metal case 
should be etther left Jee. or conrzected to the 
SW terninal on the V/F module. This is one side of 
the iauput signal aid ts actually the reference point 
for the system, 
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signal to a series of pulses that are 
counted by the DCU’s. 

You can purchase the printed-circuit 
board for this module or you can make 
one using the actual-size layout shown 
in Fig. 2 and following the drilling de- 
tails of Fig. 3. File or multipie-dril] the 
slots required for the two trimming po- 
tentiometers (R2 and R18). If you wish, 
you can add optional terminals or eyelets 
to make wiring easier. 

Components are installed on the board 
as shown in Fig. 4. Be sure to install all 
semiconductors properly and double- 
check electrolytic capacitor polarities. Be 
especially careful not to interchange R2 
with R18. 

Gate Module. This is actually the con- 
trol center of the DVM. The start and 
stop signals for the V/F converter and 
the reset signals for the various count- 
ing circuits are generated in this module. 
The schematic for this module is shown 
in Fig. 5. 

A printed-circuit board is suggested 
for this module. You can purchase one 
{see Parts List for Fig. 5), or you can 
etch and drill your own following the 
actual-size layout shown in Fig. 6 and 
the drilling information shown in Fig. 7. 
Don't forget to install the two jumpers 
on the component side of the board as 
shown in Fig 7. Do not use a drill larger 
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On the cover, just behind the 
Digita Volt-Ohmmeter, can be 
seen another advanced experi- 
menter’s test set using PoeuLar 
Evectronics’ low-cost digital read- 
out (see our Februasy 1968 issue 
or the 1969 Winter Edition of 
ELecrRONiC EXPERIMENTER’S HANo- 
B0O0K). This particular unit is a 
frequency counter capable of. indi. 
cating from 1 Hz to 2 MHz in five 
ranges. It is now in the final design 
stage and complete construction 
detalls will appear in a forthcom- 
ing issue of this magazine. 


Fig. 2. If you make your own V/F 
converter-ohmmeter current ref- 
erence PC board, carefully copy 
this actual-size etching guide. 


Fig. 3. Place etched and cleaned 
board foil-side up on a block of 
scrap wood, carefully locate and 
mark hole centers. and driil all 
the way through from foil side. 
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than #67 for the IC mounting holes. 
Optional eyelets or PC terminals can be 
added where indicated. 

Mount the components as shown in Fig. 
8. Use a low-wattage soldering iron and 
fine solder when mounting the IC’s. The 
rectangular IC’s are identified by a notch 
and dot at one end, while the round IC's 
have either a flat or a dot at pin 8. 

Power Supply. The power supply is 
not assembled on a PC board, but is 
wired point-to-point at one end of the 
chassis. The schematic is shown in Fig. 
9. A conventional tube-type transformer 
is used. The 250-volt, center-tapped sec- 
ondary has two functions. It provides the 
125-volt a.c. reference, and its output is 
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HOW IT WORKS 
V/F CONVERTER 


The block diagram fot this module appears 
here while the complete schematic is showo in 
Fig. 1. The wavetorms are keyed lo tést Puit.ts 
shown on the diagrams, 

The 0-2-vult input irom the function sclector 
is subtracted from a +27-valt supply generated 
by the power subbly moduic and regulated by 
zener diode 42, Thus the input voltage at the 
V/V converter actually varies irom +27 10 +25 
volts as the instrument input zoes fram 0 to +2 
volis. Note that all inpaui sivnals arc refercuced by 
4-27 tolls and not lo the pewer suppiv comiron 
(GND). 

Diode D4 provides reverse bularits: and over- 
loud Protection for the circuit. Transistor Q! is 
an umitter follower that provides a high imput 
impedance. Transistor (2 is a complementary 
eniitter follower that bucks out the alfset produced 
by Q4 and causes a volts#e identical to the input 
valtage lo apbear across AS wind the front-panel 
CAL 1.35 control. The current thrangh these re- 
sistors can be set for a constant input valiage by 
adjusting the CAL 1.35 control. Practically the 
Sunie Curreit appears at Q2°s collector as ows 
through RS and the CAI. 1.35 control. Transistor 
@2’s oulput current is then proportional to the 
orivinal inbut voltage. Transistor Q2’s output 
current driveS a conventional unijunction saw- 
tonth oscillator consisting of EJT G6 and inte- 
grating capacitor C3. A series ul pulses at Bf af 
O2 changes in jregaency as the input voltage 
changes in awplitude. These output pulses are 
sent to the 0-199 digital counter am) display 
modules. 

The UJT oscillator is turned on and off by 
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guting transistor Q5. ‘This transistor is driven by 
the Gate module and aliows the oscillator to run 
for 16.7 milliseconds and then shorts it out for 
the next 50 milliseconds and keeps this up con- 
tinuously, recycling 13 times a second. The fre- 
quency produced by the useillator is dcvermined 
lay the input vollage. The time this {reduency is 
produced is derermime:d only by the Gate module 
and QS. As a resuh, the oscillater generates 0 to 
199 pulses for a O-1.99-volt input signal, once 
cach measurement interval, This is how the 
digital display apbeurs to be reading the actual 
value of the input signal. 

There would be a slight linearity problem if 
the current on (/2 were allowed to go down to 
aero, Thus a littke more emitter voltage Cabout 
0.3 volts) is added by the front-panel ZERO po- 
tentiometer to remove a correspomlingly constant 
aniount of collectur current about 100 micro- 
amperes) all the time. This shifts the operating 
peint of Q2 to a more linear region but still lets 
0-2 volts vi input produce 0-200 pulses per 16.7 
milliseconds at the output, 

The extra 100 microamperes of current is 
“duped” into the collector ai Q5, which is biased 
Lo act as acurrent sink, 

The cuccent source tor the ohmmieter is also on 
the V/I hoard, but it is a completely separate 
circuit. The collector current of transistor (03 
is either 0.01, 0.1, 1, or LO milliamperes, depend- 
ing on the resistor sclecucd for its emitter circuit 
(RIS, R16, R27, or RIS), These resistors are 
not duile decade multiples of cach other, be- 
cause they compensate for slighu circuit no- 
linearities, 

Base cnrrent for O35 is regulated by Dé, tem- 
perature-compensated by 23, and adjusted over 
au limited range by KJ3. Resistor 24 prevents 
oscillation brat otherwise docs not aiiect the out- 
pul current. 

Many hours of design went into this particular 
V/F circuit, which is tar Iess expensive than the 
usual operational-amblifier V/L£ converters used 
in commercizl sear. Tt is of utmost importance 
that you neither substitute transistors for C7, O2. 
or Q6, nor attempt any modification of the circuit 
unless on consider yourself an expert in anulag. 
Le- digital converter design. 
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% SEE"HOW IT WORKS" BOX FOR WAVEFORMS 
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also rectified to provide a 30-volt d.c. 
supply. Resistor #1 is a voltage dropping 
resistor which dissipates a large amount 
of power and must be located where the 
heat produced will do no damage. 

The power from the “filament” wind- 
ing of Ti is rectified to provide 6-volt 
and 3.6-volt dc. supplies. Rectifier 
RECT12 is a full-wave bridge. Capacitors 


GATE MODULE PARTS LIST 


C1—J-pF, 25-volt electrolytic capacitor 

C2—J00-pnF, 10-volt clectrotytic capacitor 

C3—0.1-uF, 10-velt ccramte dise capacitor 

C-'—U,00!-g", 50-volt Moytur capacitor 

C5—0.1-4& capacitor 

D1I—1N914 silicon computer diade or canivalent 

14-43—6.3-volt, $§0-me1 pitot tump aud tents as- 
sembix, two orange and oue red (Southwest 
Technical Products 40-6.3 and #R-6.3 respece 
tively. or equivalent) 

1C1—Jntegrated circuit (Motorolu MC789F) 

1C2, 1(C5—iiutcgrated circuit (Motorula MC790P 
or MC79IP) 

1C3—Integrated circuit (Fairchitd £914) 

1C4—Jlntevrated circuit (Fairehild u£900) 

01-Q03—2N5129 transistor or Motorola A PS2923 

R1—220,000-ohm, 34-welt resistor 

R2—1000-ohm, }4-vatt resistor 

RF—3300-0h07, 14-walt resistor 

R4-R6—470-ohim, 14 -watt resistor 

Misc.—-PC board, 3” x 3-14", PC terminals or 
eyelets (7) (optional), #24 jumpers (2), sal- 
der, lamp bracket {sce Fix. 12}, mounting 
bracket and hardware (see Fig. 11). 

Note:—The following Gate modnle parts are 
available from Southwest Technical Products, 
219 WW Rhapsody, San Antonio, Texas 78216: 
etched and drilled printed circust board %155G, 
$3; complete Rit of all necessary parts #CG- 
135, $10.85 postpaid in USA. 
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Fig. 6. Actuaksize etching guide 
must be copied exactly as shown 
to insure proper component fit. 
Smali dots near solder terml- 
nals indicate IC indexes. 


Fig. 7. Proper location of hole cen- 
ters and selection of driils are 
critical for the Gate modute 
board. Once holes are drilled, 
immediately install jumpers. 
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C2, C3, and C4 provide filtering for the 
d.c., and diodes D$, D4, and D5 drop the 
rectified voltage from 6 to 3.6 volts. The 
unrectified voltage from the 6.3-volt 
winding is also used for the pilot or 
decimal-point lamps. Resistor R2 is in 
series with this supply to reduce the 
voltage on the lamps 80 that they do not 
glow brighter than the counting lamps. 

Most of the power supply components 
can be mounted on terminal strips or a 
component board as shown in Fig. 10. 
The rest of the components are mounted 
on the chassis. 


Assembly. To mount the modules in the 
chassis, aluminum support brackets such 
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HOW IT WORKS 
GATE MODULE 


This module is a three-in-ene board, First, it’s 
au gate fenerator that produces the on-for-one, 
off-for-three gating waveform used in the V/F; 
ils also a reset generator that automatically pro- 
vides a short pulse the instant the V/F is told 
to start producing a new counts and finally, it 
contains an O, 1. overrante counter used to com- 
plete the 0-199 digital displiy. The complete sche- 
matic is shown in Fig. 3. 

The gate waveform is generated by hitering the 
60-Hz supply to ebtain a smooth sine wave. The 
filter removes any noise from the power line that 
might cause inaccuracies, while fC’ 7, a hex invert- 
er, produces a rectangular wave with a fall time 
sufficiently steep to trigger the next staxe. Capac- 
itor C3 provides positive feedback to improve the 
square-wave form. 

The next stage, /C2, is a divide-by-four counter 
consisting of two JK flip-flops connected as cas- 
caded binary dividers. Dual-gate /C3 is a 1-0f-4 
decoder producing a gating waveform that is 
grounded for L6,7 milliseconds (one 60-Hz peri- 
ed}, and positive for the next 50 milliseconds 
(three 60-Hz periods}. Since this process takes 
up four 60-Hz cycies, the freuency of the com- 
posite waveform is %4 of 60 Hz, or 15 Hz: hence 
the 15 measurements per second. 

The gate output is roctcd to the V/F converter 
and to a half-monostable reset generator consist- 
ing of C4 and bulfer /C4. This circuit generates 
a very brief (about 2 microseconds) resct pulse 
which erases the display before the V/F con- 
verter can produce its first output pulse, The reset 
pulse goes tv the two decimal counters as well 
as resetting the 0. 1. overrange portion of this 
module. 
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The 0, 1, overranse counter, /C35. has two fip- 
Hops. One is a binary divider; the second is a 
latch that goes on when full scale is reached. re- 
gardiess ef how many more counts arrive. This 
counter takes the ottput of the ten’s DCU and 
cenverts what would be an 0-99 display into an 
0-199 plus overrange capability. 

A power-line gate may be expected to be ac- 
citrate to 240.05%, while the digital 0-199 dis- 
piay used is only inherently accurate to 0.5%. 
Thus, the instrument accuracy is determined by 
the display and the V/f* accuracy. Without a far 
more exbensive W/E circuit, extra decade modules 
or a more precise time base will not increase the 
instrument's accuracy. 


Photo of author's prototype shows 
properly wired Gate module board 
with indicator lamps and bracket 
in place and optional solder termi- 
nals at left} external wiring can 
be soldered directly to board. 
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as those shown in Fig. 11 can be used. 
The photos show how these brackets are 
used for support. 

A three-hole bracket is required for 
the indicator lamps of the gate module. 
This can be fabricated as shown in Fig. 
12. (One of the brackets supplied with 
the DCU kit can be used as a guide.) Use 
orange plastic covers for the 0 and 1 
bulb, and a red one for the overrange in- 
dicator. 


i | Fig. 8. Double and triple check compo- 
nent numbers, values, and orientation on 
board both before and after soldering. 


The complete schematic for the DVM 
is shown in Fig. 13. The photos show 
the assembly used by the author, al- 
though any other similar neat arrange- 
ment can be used. While layout is not 
critical, be sure to keep the instrument 
neat and compact to minimize the chance 
of wiring error. Be sure to use very 
short, heavy ground connectors. A 
ground buss of #12 solid wire between 
modules is strongly recommended. 
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Fig. 11. If necessary, to avoid interference with 
components or wiring, deepen the notched cutout. 


It is best to use color-coded wiring to 
minimize wrong connections and facili- 
tate any possible troubleshooting. The 
resistors associated with S27 may be as- 
sembled directly on the switch before in- 
stallation. Also, use green-colored lenses 
on the decimal-point indicators. 

The 1.35-volt reference cell (Bi) is 
mounted wherever convenient within the 
chassis. Note that there are two types of 
mercury cell: those for generai-purpose 
use and those for standard or voltage- 
reference purposes. Make sure that you 
get the latter. The accuracy of the DVM 
will be no better than the accuracy of 
the calibration standard. 
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Fig. 10. Power supply circuit 
is located along rear apron of 
chassis. Modules are at left, 
while CAL and ZERO controls, 
range/function switch, polar- 
ity selector are at right. 


Setup and Calibration. After a carefu} 
wiring check, the DVM may be plugged 
in and S12 placed in the ZERO position. 
One digit in each column should light 
brightly and continuously. Turning the 
ZERO control through its entire range 
should change the display from 000 to 
030. At about the mid-point of the con- 
trol, the reading should be 001. 

The proper setting of the ZERO con- 
trol is the position immediately before 
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Fig. 12. Arrange tamp mounting holes in two closely 
spaced, staggered columns to obtain small size. 
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Fig. 13. The heavy line connecting the GND terminals tn this overali wir. 
ing diagram is NOT a chassis ground; it is a convenient floating common bus. 


COMPLETE DVM PARTS LIST 


Bl—1,35-volt AA merenry reference cell 
Cl—0.$-pF, 50-volt Al ytar capacitor 
(1-13-—6.5-u0lt, 5U-mel pitot tomp. 

St, J2—S ay binding post, (red and black) 

Mim-V/F module (sce text) 

M2, Af3—Decimat counting unit. Sco POPULAR 
ELECTROXICS February 1968 or Winter 
1969 ELECTRONIC ENPERIMENTER'S 
WAX DBOOK (sce note). 

Ma—Gate module (sec text) 

MS—Power supply (see text} 

RI—2350-ohm, 2-wett tincar potentiomctcr 

R2-—~-1000-ahm, 2-wolt linear potentiometer 

RI—1,2-mcgohm, V4-wall resistor 

RI—102,000-olhm, V4 -woll, 1% precision resistor 

RS—209 000-vhm, -wall, 1% precision resistor 

R6—9I.09-mexultin, M-watt, 1% precisiou resistor 
or series resistor combination 

R7—1000-oh1m, A-wall resistor 

Sl—Ffiwe-deck, five-pole, feu-posifion, uonshort- 
ing rotary switch 


S2—D.p.d. slide switch 

Mise—-Vinyl clad elimina case aud sapperl 
assembly, 34” knobs (2), 1-44” knot (1), 
backup plate for controls, digiplete f optional), 
mounting hardware, brackets for M2, AL3, (sec 
Hig, 11), wire, solder, 1300- lo 1500-ohm pre- 
cision resistor, xsucn Jewels 2}, cte, 

Dialplate:—Iord anodised oluntinum dialplate 
evaileble from Reill’s Photo Finishiag, 4627 
N. 11th St.. Phoenix, Aris. $3014. In black and 
silver, $3.00; in rcd, gold, or ceppcr, $3.45, 
postpaid in USA. Stock = DY M-1. 

Mote—Kils for the decimal counting units ure 
uuuilable fram Southwest Technical Products, 
219 W. Rhapsody, Sen Antowin, Texas 782 16 
for $12 cach, postpaid in USA, A complete kit 
of aff above pearls, including a punched ant 
machined, vinyl-clad case and support assen- 
bly, but less dialplute and BI is available from 
the same source for $79.50 plus postage for 
6% pounds, 
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HOW iT WORKS 
OVERALL OPERATION 


The iuncti‘on selector includes switch S? and 
its associated circuits. Here all input signals arc 
cortverted to O-2-volt d.c. voltages across a onv- 
mcgohm resistance. When measuring 2 volts d.c. 
or less, the signal is applied directly 10 the re- 
mainder of the circuit. -\bove 2 volts, the sigual 
is attenuated by 10 or 100. For ohms measure- 
ment, 2 calibrateci and temperature-coimlcnsated 
current source supplies 0.01, 0.1, 1, ur 10 m.\ to 
the input terminals. The voltage drop across the 
resistance (letween O and 2 volts) is then an ac- 
curate measure of the resistance. For example, 
1 m.A of current throuxha £600-ohm resistor pro- 
duces a voltage drop of 1.6 volts. ecause maxi- 
mum ohmmeter current is only 10 mA on the 
lowest. range (Jess on the higher resistance 
ranges). you can safely measure most current- 
sensilive devices without fear of damage. 

For calibrating and zeroing the instrument. 
the function selector switch conntcts either 3 
1.35-volt mercury’ standard battery: or a short 
circuit to the input. 

The 0-2-wolt d.c. signal from the function se- 
Jector is fed to a voltage-to-frejuency (V/F) 
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you get the 001 reading. If you turn the 
control down all the way, you’ll pick up 
some serious low-scale errors. 

After zeroing, switch to the CAL 1.35 
position. When the CAL potentiometer is 
turned through its entire range, the indi- 
cator should go from about 1.20 to about 
1.50 with 1.35 at about the middle of the 
range. If you cannot get the readings 
low enough, or if 1.35 is at the lower end 
of the control, add one or two 500-pF 
mica capacitors across integrating ca- 
pacitor C$ in the V/F module till you 
get the proper range. 

Very rarely, it may be necessary to 
change the value of R12. This occurs be- 
cause of variations in the characteristics 
of Q6, the unijunction transistor. If the 
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converter. Fhis is a current-driv-en unijunction 
oscillator whose oulpul frequency is proportional 
to the input voltage. Unlike industrial V/F con- 
verters, this one runs “oben loop’? and relies on 
calibration and inherent linearity catber than on 
complex anc expensive feedback schemes for ac- 
curacy, Linearity’, range, :nd céesolution are more 
than adequate for the one-part-in-200 digital dis- 
pkiy used, 

The output of the V/F converter drives a 0-199 
counter/displiy {J)CU’s) and turns on a red 
overcanKe indicator when full scale is exceeded. 

ff this were the entire circuit, the digital dis- 
play would be a blur of numbers that would jitst 
keep on adding up the ortput pulses from the V/I" 
cenverter. Additional circuitry, called the gate- 
and-reset xcncrator, continuously turns the V/F 
converter off and on and erases the old display 
before presenting an up-dated onc. 

In the gate and reset Zenerator, the 60-Fiz 
power from the line is used to generate a signal 
that turns the V/F converter on for one-fourth 
of the time and allows the display’ to show the 
results for three-fourths of the time. Immediatcly 
after the V'‘/F converter is turned on, a very brie! 
resct pulse is generated 10 erase the counter dis- 
play before the new results can arrive at the 
DCU's, 

The \'‘/F converter then averages the input 
voltage ind generates the pertinent freauency 
during its on time. The counter/display module 
counts and displays this frequency during the on 
time, and when the V/F is turned off, the display 
indicates the lotal number of pulses sencrated 
during the on time. During the off time, the dis- 
play holds the last valae until reset for the next 
measureinent. Since all this happens fifteen times 
each second, sou get the effect of a continuous 
display that rapidly follows the input-voltage 
variations, 


0-200 
COUNTER OVERRANGE 
AND INDICATOR 
DISPLAY 


V/F converter oscillates but does not 
drive the counter, either increase or de- 
crease the value of Rid (in a range of 
6.8 to 22 ohms) until proper operation is 
obtained. 

Always rezero the instrument before 
calibrating. The settings will be remark- 
ably stable after a few minutes’ warmup. 
A slight interaction between the CAL 
1.35 and the ZERO controls is normal, so 
always recheck the ZERO setting after 
calibrating. 

To check zeroing, short test leads 
together, and misadjust zero control 
to get an 001 reading. Switch SZ to 
0-2 range. The reading should stay at 
001. Remove the short. If the reading 

(Continued on page 108) 
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VOLT-OHMMETER 


(Continued from page 40) 


changes, adjust R2 on the V/F module to 
get an identical 001 reading with the 
input test leads either open or shorted. 
Center the adjustment on the 001 read- 
ing and then adjust it slightly lower, fa- 
voring the 000 reading. 


DIGITAL VOLTMETER SPECIFICATIONS 


Ranges: D.c. voits: 0-2, 0-20, 0-200. Ohms: 
0-200, 0-2000, 0-20,000, 0-200,000. Range 
extendable to anything that can be repre- 
sented by a variable 0-2-volt d.c. signal. 

Input Impedance (Voltmeter): 0-2, 1 meg- 
ohm; 0-20, | megohm; 0-200, 10 megohms. 

Maximum Ohmmeter Current: 0-200,000 
ohms, 10 #A; 0-20,000 ohms, 100 zA; 0-2000, 
2 mA; 0-200, 10 mA. 

Resolution: One part in 200, any range. +5 
millivolts on 0-2-volt range, +0.5 ohms on 
0-200-ohm range. 

Accuracy: Better than 1% of full scale, 1 
count over most portions of most ranges. In- 
ternal catibration with 1.35-volt secondary 
mercuty standard. 

Stabitity: Less than 1 count drift per 20 min- 
utes after 15-minute warmup. 

Noise Rejection: Instrument is a fully inte- 
grating, multiple stope type and is essentially 
“'blind'' to any 60-Hz line-borne hum or noise 
and has a high degree of rejection to afl other 
high-frequency noise. 

Update Time: 15 measurements per second; 
instrument integrates input for 16.7 milli- 
seconds and displays for 50 milliseconds. 

Miscellaneous: Automatic overrange _ indi- 
cator, floating decimal points for ‘actual 
value”’ indication; Zener input protection; polar- 
ity reversal switch; internally self-calibrating; 
useful accuracy to 200% of full scale. 


To calibrate the ohmmeter portion, 
ZERO and CALibrate the DVM as de- 
scribed above. Then place the test leads 
across a precision 1% resistor between 
1300 and 1500 ohms (do not use higher 
or lower values) and switch to the 0-2K 
resistance range. If the DVM does not 
read exactly the resistance being mea- 
sured, adjust R13 on the V/F module 
till it does. The instrument is now fully 
calibrated on all scales. 

Readjust the ZERO and CALibrate 1.35 
front-panel controls any time you like. 
This gives you an instant check on how 
the BVM is doing. The internal trimmers 
will rarely if ever need readjustment. --}- 
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